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Abstract
Context—Obese individuals have high aldosterone levels that may contribute to insulin
resistance (IR) and endothelial dysfunction leading to obesity induced cardiovascular disease. We
conducted a study to evaluate the effect of mineralocorticoid receptor antagonism on IR and
endothelial function in obese individuals.

Design—This was a placebo-controlled, double blind, randomized, parallel-group study
(NCT01406015).

Participants and Interventions—Thirty two non-diabetic, obese subjects (BMI 30 to 45 kg/
m2) with no other medical problems were randomized to six weeks of treatment with
spironolactone 50 mg daily or placebo. Insulin sensitivity index (ISI) was assessed by Matsuda
method, endothelial function by flow mediated vasodilatation (FMD) of brachial artery and renal
plasma perfusion by clearance of para-aminohippurate (PAH).

Results—There was no change in weight, BMI or plasma potassium during the study period.
Treatment with spironolactone led to increases in serum aldosterone (7.6±6.6 Vs 3.2±1.3 ng/dL; p
<0.02, post-treatment Vs baseline) and urine aldosterone (11.0±7. Vs 4.8±2.4 µg/G creatinine;
p<0.01) and decreases in systolic blood pressure (116±11 Vs 123±10 mmHg; p<0.001). There
were no changes in these variables in the placebo group. Neither spironolactone nor placebo
treatment had a significant effect on ISI or other indices of glucose metabolism (HOMA, area
under the curve for insulin, area under the curve for glucose), brachial artery reactivity or the renal
plasma perfusion values. Changes in these variables were similar in two groups.

Conclusions—We conclude that six weeks of treatment with spironolactone does not change
insulin sensitivity or endothelial function in normotensive obese individuals with no other
comorbidities.
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Introduction
Obesity is a public health problem with one third of all Americans being obese, half of
whom also have metabolic syndrome [1, 2]. Studies have shown elevated aldosterone levels
in obese individuals [3-5] and many investigators have proposed that increase in aldosterone
and subsequent mineralocorticoid receptor (MR) activation underlies the increased
cardiovascular disease risk in obesity [6, 7]. These hypotheses are supported by pre-clinical
studies showing adverse effects of MR activation on insulin signaling, endothelial function,
vascular injury, and cardiac and renal function [8-13]. In vitro studies demonstrate an
adverse effect of aldosterone on insulin signaling mechanisms [9]. In animal studies,
aldosterone promotes inflammation and vascular dysfunction, and blockade of the MR has
beneficial effects on the vasculature and also improves insulin sensitivity [11, 14].

Human data are limited but MR blockade or adrenalectomy improves IR in patients with
primary aldosteronism [15] and MR blockade has been shown to improve endothelial
function in patients with heart failure [16]. These data raise the possibility that activation of
the MR by aldosterone may contribute to the IR and vascular dysfunction in obese
individuals. A recent perspective article suggested that MR antagonists (i.e., spironolactone,
eplerenone) may have clinical benefits in obese and/or diabetic patients to prevent
cardiovascular disease [7]. Therefore, we conducted a study to evaluate the effect of MR
antagonist, spironolactone, on insulin sensitivity and endothelial function in obese
individuals.

Methods
This was a placebo-controlled, double blind, randomized, parallel-group study
(NCT01406015). We recruited subjects aged 18 to 60 years with BMI >30 kg/m2. Exclusion
criteria included any medical illnesses other than treated hypothyroidism, blood pressure
(BP) >135/85 or systolic BP <90 mm Hg, fasting plasma glucose >126 mg/dL, hepatic
transaminases > 3 times upper limit of normal, eGFR <80 ml/min, serum K >5.0 mmol/L,
history of drug or alcohol abuse, allergic reactions to spironolactone and participation in any
other concurrent clinical trial. The study protocol was approved by Partners Health Human
Research Committee and all participants provided written informed consent.

Subjects were placed on a standardized isocaloric diet including 2,500 ml fluid, 200 mEq
Na, 100 mEq K, and 1000 mg Ca for 5 days before assessment studies. On the morning of
day 5, subjects came to CCI after an overnight fast. A 24-hour urine collection was started
for measurement of total volume, sodium, potassium, aldosterone and creatinine. An oral
glucose tolerance test was conducted with 75 G glucose and blood samples were obtained
every 30 minutes for 2 hours. On the next morning, after the subject had remained fasting
and in the supine position since midnight, blood samples were obtained for potassium,
sodium and aldosterone. Ultrasonography of the brachial artery was performed to evaluate
endothelial function by flow mediated dilatation (FMD) studies using the technique
previously described [16, 17]. Then, a loading dose of para-aminohippurate sodium (PAH)
(8 mg/kg) (Merck, Sharpe and Dohme, West Point PA) was given intravenously followed by
a 1 hour constant infusion of PAH at a rate of 12 mg/minute. Plasma samples were obtained
at baseline and at 50, and 60 minutes. PAH clearance was calculated from the plasma levels
and infusion rates as previously described [18].

Subjects were then randomly assigned in a double blind fashion to treatment with
spironolactone 50 mg daily or placebo for 6 weeks. Plasma potassium was checked every 2
weeks for safety reasons. Procedures performed at the baseline were repeated after 6 weeks
of treatment with spironolactone or placebo, after subjects ate the standardized diet for 5
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days. The last dose of study drug was administered at 3:00 PM while in the hospital and all
procedures, other than OGTT, were performed the next morning, 14-16 hours after last drug
dose.

Statistical analysis
Insulin sensitivity index (ISI) was calculated by Matsuda and Defronzo's method [19]. All
values are presented as means ± standard deviation of the means (SD). Paired t-tests were
used to compare changes at 6 weeks versus the baseline within groups. Unpaired t-test was
used to compare the change from baseline between MR antagonist versus the placebo group.
A two-tailed p-value < 0.05 was considered statistically significant. Our sample size
calculation was based on a previous study that evaluated the effect of troglitazone on FMD
in healthy obese subjects [17]. Based on data from that study, >80% power was expected for
30% improvement in FMD in this study. Moreover, with a baseline ISI of 3.7 ± 1.4 seen in
this study, we should have been able to detect a 30% change in ISI with our study sample
size of 16 in each group. The statistical analyses were performed using SPSS for Windows
version 15.0 statistical software.

Results
Of the 38 subjects who met inclusion/exclusion criteria and were randomized to treatment,
six subjects, 3 in spironolactone group and 3 in placebo group, withdrew due to concerns
regarding time commitment (n=4) and decisions to have elective knee (n=1) and foot (n=1)
surgery. Thirty-two subjects (age 43.4 ± 12.3 years, BMI 36.8 ± 5.8 kg/m2, 31% male)
completed the study. Subjects randomized to placebo group had characteristics similar to the
spironolactone group (table 1). Plasma potassium was not influenced by drug treatment. All
plasma potassium values were <5.0 mEq/L during the study and no subjects were withdrawn
due to high potassium. There was no change in weight or BMI during the study period.

Spironolactone treatment significantly reduced systolic BP whereas placebo had little effect
on BP (table 2). The average decrease in systolic BP was 7 ± 5 mm Hg with spironolactone
versus 0 ± 7 mm Hg with placebo (p <0.001). Spironolactone, but not placebo, led to an
increase in plasma and 24-hour urinary aldosterone as is anticipated from initiation of MR
blockade (table 3). Further, post-treatment levels of plasma aldosterone were higher in the
spironolactone group compared to the placebo group.

Neither spironolactone nor placebo treatment had a significant effect on any indices of
insulin resistance (Table 3). Specifically, neither treatment affected HOMA, area under the
curve for insulin or glucose, or ISI (mean change with spironolactone -0.08 ± 0.79).

Results of the vascular studies are also shown in table 3. Neither the brachial artery
reactivity nor the renal plasma perfusion values changed significantly in either treatment
group.

Discussion
This study shows that treatment with an MR antagonist for 6 weeks significantly reduces BP
in obese, otherwise healthy individuals, but does not affect IR or endothelial dysfunction.
These results suggest that excess MR activation does not contribute to early obesity-induced
changes in IR or endothelial dysfunction.

We observed the expected rise in aldosterone levels on treatment with MR antagonist and a
decrease in systolic BP, suggesting good compliance with study drug. Our hypothesis that
there is excess MR activation in obesity was based on both preclinical and clinical data. In
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humans, we previously showed that angiotensin II-stimulated aldosterone levels are
increased in overweight versus lean individuals on a high sodium diet [3]. Since this study
includes a similar but more obese population compared to the previous study, it would be
expected to have increased baseline stimulated aldosterone. Further, MR can be activated by
multiple factors other than circulating aldosterone [20, 21]. In our study population, the best
evidence of baseline MR activation was reduction in BP after treatment with MRA. As our
study design did not include a healthy lean comparison group, we cannot state that this
decrease in BP was exaggerated.

We had anticipated that treatment with an MR antagonist would increase ISI in this obese,
insulin resistant population. However, spironolactone did not affect IR, suggesting that
despite prior reports of an association between aldosterone levels and IR [3], a cause and
effect relationship is unlikely in this population of relatively healthy obese individuals. It is
possible that the effects of increased aldosterone on IR are seen at higher levels of
aldosterone and/or accrue over years. If so, this would explain why patients with primary
aldosteronism show improvements in IR when treated with surgery or a MR antagonist [15].
Similarly the beneficial effects of MR blockade on the endothelial function observed in the
Randomized Aldactone Evaluation Study (RALES) study could be due to greater MR
activation in patients with heart failure as compared to our healthy obese population [22]. It
is an open question as to whether MR blockade would affect IR in obese individuals with
primary hypertension and other cardiovascular comorbidities. Other investigators have
suggested that excess MR activation impairs insulin release [23]. In our study spironolactone
treatment did not affect the area under the curve for insulin, suggesting that this mechanism
may not contribute to impaired glucose metabolism in this population. Preclinical studies
have shown that aldosterone may induce insulin resistance through multiple potential
mechanisms including excessive oxidative stress, proteosomal degradation of insulin
receptor substrate (IRS), enhanced signaling through hybrid insulin/IGF-1 receptor and
decreased expression of liver GLUT2 and skeletal muscle GLUT4 [7, 24]. The mechanisms
may differ in different populations and this may be the reason for disparate results.

It is possible that ISI and FMD were normal at baseline and therefore, a further
improvement would have been difficult to achieve. However, abnormal IR and impaired
endothelial function are well described in insulin resistant obese population [17] and we
think our subjects were representative of a typical obese population. Mean ISI was <5 in our
subjects as compared to normative levels of 8-12 in healthy lean subjects in other studies,
indicating that our subjects were insulin resistant [25]. While ISI correlates very well with
euglycemic clamp studies, the gold standard for assessing IR, it is possible that ISI was not
adequately sensitive for detecting a change in IR in this population [19]. Another possibility
is that aldosterone exerts its effects on insulin signaling through a mechanism independent
from the MR. However; if this possibility were true, one would assume that as aldosterone
levels increase with MR blockade, IR would increase. This did not occur in our study. The
possibility of increase in aldosterone counteracting the effect of spironolactone or the
absence of MR activation at baseline in this population cannot be completely ruled out.
Also, we cannot rule out the possibility of inadequate dose of spironolactone or relatively
shorter duration of its use in our study. It is important to note that 6 weeks of spironolactone
50 mg daily did not lead to an impairment in glucose tolerance as has been suggested by
some studies [26].

Our inability to see an effect of MR antagonist on FMD is consistent with a prior report in
patients with type 1 and type 2 diabetes showing no effect [27]. Also, we did not see
worsening of endothelial function, which is important as one study reported an adverse
effect of spironolactone on endothelial function in patients with type 2 diabetes mellitus
[28]. Prior studies have shown that weight loss of 6.6% leads to parallel improvements in
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endothelial function and IR [29]. Similarly, insulin sensitizing drug therapy improves both
endothelial function and IR [17]. The failure of improvement in FMD in this study is
consistent with the lack of improvement in IR.

We conclude that six weeks of treatment with spironolactone 50 mg daily reduces systolic
blood pressure, but does not change insulin sensitivity or endothelial function in
normotensive obese individuals with IR and no other comorbidities.
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Figure 1.
Effect of spironolactone and placebo on: A. insulin sensitivity index, B. Flow mediated
vasodilatation of the brachial artery. The differences were not statistically significant.
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Table 1

Baseline characteristics of subjects randomized to spironolactone and placebo groups.

MRA group Placebo group P

Age (years) 47 ± 11.6 40 ± 12.3 NS

Gender (M:F) 6:10 4:12 NS

BMI (kg/m2) 38 ± 6.6 36 ± 4.6 NS

Systolic Blood Pressure (mm Hg) 123 ± 10 119 ± 12 NS

Diastolic Blood Pressure (mm Hg) 71 ± 5 70 ± 8 NS

Serum Na (meq/L) 139 ± 1.1 138 ± 1.5 NS

Serum K (meq/L) 4.2 ± 0.2 4.2 ± 0.2 NS

Serum Triglycerides (mg/dL) 123 ± 61 77 ± 33 NS

Serum total cholesterol (mg/dL) 179 ± 27 174 ± 29 NS

Serum HDL (mg/dL) 106 ± 21 108 ± 25 NS

Serum cLDL (mg/dL) 48 ± 12 50 ± 17 NS
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